Incomes of population and poverty are key elements of the EU cohesion policy which aims at reducing disparities between the levels of development of individual regions. The traditionally appropriate study to evaluate the convergence of the Member States is the European Union Statistics on Income and Living Conditions (EU-SILC). However, this is not the only source of information on income distribution and social inclusion in the European Union. In this article, the basis for calculations are the results of the fourth European Quality of Life Surveys (EQLS), whose purpose is to measure both objective and subjective indicators of the standard of living of citizens and their households. 8 Małgorzata Teresa Ćwiek, Paweł Ulman FOE 6(345) 2019 www.czasopisma.uni.lodz.pl/foe/ creased significantly in 2016 relative to 2007. Important differentiation was also noted in terms of income poverty risk within the Visegrad Group: the highest proportion of households at risk of poverty exists in Poland and the lowest in the Czech Republic.
The aim of the paper is to assess the diversity of distributions of household incomes and the level of income poverty due to the selected socio-demographic characteristics of the respondent or household in selected European countries in two periods: 2007 and 2016. Countries of the Visegrad Group (Poland, the Czech Republic, Slovakia and Hungary) were selected for the analysis, along with the Weimar Triangle (Poland, Germany, and France). Such a selection allowed us to compare the financial situation of households in Western Europe with those in Central and Eastern Europe. Poland becomes a natural link between all these countries.
The article uses modelling methods of income distribution, indicators of distance (overlapping) of distributions and aggregate indicators of the scope, depth and severity of poverty. Those ratios were determined on the basis of the use of relative. In order to ensure comparability of incomes of households with different demographic compositions, the analysis used equivalent incomes.
As a result of the preliminary analysis, differences were noted regarding the measured position, variation and asymmetry of equivalent incomes in the studied households. The applied gap measurements showed a significant disparity between the distributions of income in Western European countries (Germany, France) and the countries of the Visegrad Group, but the size of that differentation de- The aim of the article is to assess the differentiation of income distributions of households and the level of income poverty due to the selected socio-demographic characteristics of a respondent or a household in selected European countries in two periods: 2007 and 2016. The countries belonging to the Visegrad Group (Poland, the Czech Republic, Slovakia, and Hungary) and the Weimar Triangle countries (Poland, Germany, France) have been analysed. This selection of countries allows for the comparison of the material situation of the population in the countries of Western Europe and Central-Eastern Europe, then Poland becomes a natural link between these countries.
Methodology and statistical data
Income distribution can be studied empirically or by using theoretical models for this purpose, i.e. density functions. An advantage of the model approach is a relative ease of calculating all the descriptive characteristics of income distribution even in a situation when we only have grouped empirical data about incomes in the form of a frequency distribution with open extreme intervals. In such a situation, it would not be possible (without closing these extreme intervals) to determine the values of descriptive characteristics of the distribution based on the average. The disadvantage of using models, however, is the selection of the appropriate density function adequately to the problem under examination and then the estimation of its parameters. In the age of computational calculation methods, the latter problem can be easily solved.
In this article, the theoretical distribution of Burr III, often known as the Daguma distribution, was adopted as the model of the distribution of equivalent incomes. The density function f(y) and the cumulative distribution function F(y) of this distribution may be written as follows:
where a, b, c are parameters which are most often estimated using MLE (Maximum Likelihood Estimation). The Daguma distribution is recognised in the literature on income research as one of the best income distribution models. The frequency of its use and its usefulness have been confirmed in many works, it is documented in the study (Kleiber, Kotz, 2003: 221-222) . Subsequently, the distribution was used in Poland, e.g.: by Jędrzejczak (2009) and Ulman (2015) . Distance measurement, overlapping or, in other words, stratifying distributions is a problem in the study of similarity of structures and tests verifying the hypothesis on the compatibility of the distributions of two communities. A lack of similarity of the income structure in terms of income distribution is related to a large distance between these distributions, and, in consequence, a lack of overlapping distributions and their significant or complete stratification (layer formation). Of the many distance measures (see Ostasiewicz, 2011: 147) , the three approaches were selected to measure the differences in income distribution in the examined countries. The first one applies strictly to the measurement of distribution distances, the second and third ones to measuring the overlap or stratification of the distributions.
The distance Bhattacharyya (d b ) was proposed by its author in 1943 (Bhattacharyya, 1943) and is based on a comparison of the density function of two distributions according to the following formula:
where ρ ∈ [0, 1], and the distance Bhattacharyya takes values from the interval 0 ≤ d b ≤ ∞. The value of zero means the identity of distributions (their overlap), and the higher the value of this distance, the more the tested distributions differ.
The second approach to the study of the diversity of distributions was taken from the problem of criterion decomposition of inequalities inincome distributions and in particular the decomposition of the Gini coefficient. Bhattacharya and Mahalanobis (1967) were the first to present how to decompose inequality measured with the Gini coefficient, calculated on the basis of the Gini average deviation, for the purpose of studying regional variation. The problem, which was not solved, was the appearance of a residual element in the decomposition formula referring to the overlapping situation of distributions which the authors were unable to determine (Mukhopadhaya, 2014: 32-33) . Many other authors have been discussing the problem of calculating and decomposing the Gini coefficient. In this study, a criterion of overlapping (stratification) of distributions will be applied according to the concept of decomposition of the Gini coefficient presented in Yitzhaki (1994) . It can be presented as follows:
where: cov i is the covariance calculated for income from the i (base) distribution and the j cumulative distribution function calculated for income from the i distri-bution (numerator in formula (5)) or the i cumulative distribution function calculated for an income also from this distribution (denominator of formula (5)). This criterion has the following properties (Milanovic, Yitzhaki, 2002: 161) : 1) O ji belongs to the interval [0; 2], 2) O ji is a growing function of the fraction of units from the j distribution which are located in the area of the i distribution, 3) for a given fraction of units from the j distribution, which are located in the area of the i distribution, the closer to the average from the i distribution observations belonging to the j distribution are, the higher the O ji value, 4) the higher the value of the O ji index, the lower the value of the O ij index, 5) O ji = 1 means identical distributions, 6) O ji = 2 means that all units belonging to the j distribution are concentrated in the average from the i distribution. The concept of the last criterion for the similarity of distributions used in this study is based on a comparison of quantile order (cumulative distribution function) of the examined distributions. It can be represented by the following formula (Ulman, 2011: 142-143) :
where: w i = p i -p i-1 , G(p i ) is the value of the cumulative distribution function of the studied distribution for the quantiles of the base distribution. This criterion assumes values from the range [-1, 1]. A negative O value means the increased distance of the examined distribution in relation to the base distribution towards lower income values, and conversely, the positive value of O means the shift of the examined distribution in relation to the base distribution towards higher income values.
In the area of poverty analysis in the examined countries, the relative poverty line was marked as 60% of the median of equivalent incomes. This approach is preferred and used by the EU to identify poor individuals (people, households, families) (Portfolio, 2015: 10). The use of the poverty line allows for identifying in a zero-one way poor individuals in the examined population. In order to determine the factors affecting the increase of probability that a given person will be included among poor individuals, one of the models for dichotomous variables can be used. The logit model is the most commonly used. The probability of being a poor individual depending on specific factors in the logit model is interpreted as the value of a cumulative distribution presented by the formula: In the area of poverty analysis in the examined countries, the relative poverty line was marked as 60% of the median of equivalent incomes. This approach is preferred and used by the EU to identify poor individuals (people, households, families) (Portfolio, 2015: 10). The use of the poverty line allows for identifying in a zero-one way poor individuals in the examined population. In order to determine the factors affecting the increase of probability that a given person will be included among poor individuals, one of the models for dichotomous variables can be used. The logit model is the most commonly used. The probability of being a poor individual depending on specific factors in the logit model is interpreted as the value of a cumulative distribution presented by the formula:
The parameters of the above-presented model are most often estimated by using the highest likelihood method, which is maximising the logarithm of the likelihood function relative to model parameters by using iterative numerical procedures. More information on the subject of (7)
The parameters of the above-presented model are most often estimated by using the highest likelihood method, which is maximising the logarithm of the likelihood function relative to model parameters by using iterative numerical procedures. More information on the subject of models for binomial qualitative variables can be found in (Gruszczyński, 2012) .
Another approach to studying the impoverishment of society is the use of information about the material deprivation of individuals or their households. The degree of deprivation is most often measured by the number of elements of housing equipment or social services unavailable to respondents in their households, which, on the other hand, are usually available to the majority of people in the EU Member States. The variable of this type takes the form of a discrete variable that most often takes on natural numbers and rather low values starting from zero. The actual models for the explained count variable are the count variable models which include the Poisson regression model and the negative binomial regression model. These models allow us to estimate the probability of occurrence of a certain number of successes, that is, for example, the number of housing equipment unavailable for the respondent. The Poisson regression model has, however, the assumption of equality of the expected value and variance which in practice may not be satisfied. In the case of a higher value of variance than the expected value, in the situation of overdispersion, a negative binomial regression model should be used, as it more accurately reflects the situation of this excessive dispersion (Gruszczyński, 2012: 255-257) . We receive it by assuming that the conditional distribution y i versus x i is the negative binomial distribution with the expected value E(y i |λ i , α) = λ i and the variance Var(y i |λ i , α) = λ i + αλ i 2 , and, assuming that
. It is worth mentioning that in the situation when there is no difference between the expected value and the variance of the count variable, the negative binomial regression model boils down to the Poisson regression model.
The statistical data used for the realisation of the purpose of this article have been taken from the European Quality of Life Survey (EQLS), which contains information about the living conditions and social situation of people, the European citizens. So far, four rounds of this survey have been carried out: in 2003, 2007, 2012 and 2016 . The EQLS examines a population of adults (aged 18 or over) who live in private households by using a statistical sample. Depending on the size of the country and national conditions, the sample in 2007 and 2016 ranged from 1,000 to 2,000 people in each country.
Income distributions and their differentiation
According to the presented methodological description, in order to model the distribution of net equivalent income expressed in Euro according to the purchasing power parity (PPP), the theoretical density function of Dagum distribution was applied. The parameter estimation was made by using MLE (Maximum Likelihood Estimation). In all countries and in both analysed periods, the obtained parameter evaluates were statistically significant, and the correlation coefficients of empirical and theoretical quantiles were at least 0.98, which allowed for the use of that model to describe the evolution of income in the examined countries. Charts 1 and 2 present graphs of the Dagum distribution density function for the Visegrad countries and the Weimar Triangle for the years 2007 and 2016. Source: calculations and own elaboration based on data from the EQLS Comparing charts 1 and 2, one can see that the income distributions in France and Germany are clearly different from those in the Visegrad countries, among which the Czech Republic is characterised by the most shifted distribution towards the countries from Western Europe. In each case, we see that the distributions are characterised by positive asymmetry, which is a typical feature of the income distribution. In the scope of changes in time, one can notice the shift of these functions towards higher values of equivalent income. More precisely, these properties can be observed by reviewing the descriptive statistics of income distributions in Tables 1 and 2. Diagram 2. Diagram of the density function for net equivalent income in Euro (PPP) for the Visegrad Group countries and the Weimar Triangle for 2016
Source: calculations and own elaboration based on data from the EQLS In 2007, France was characterised by the highest average income and Hungary by the lowest average income (although the middle and most frequently recorded income was the lowest for Poland, which is also reflected in the high level of variability measures for Poland). One can see that due to the average level of equivalent income Poland, Hungary, and Slovakia were clearly distant from Germany and France, while the Czech Republic ranked more or less in the middle between those groups of countries. In 2007, the level of inequality was rather low, especially in comparison with the level of inequality in 2016. In the second period, the values of average measures increased (average, median and mode). This time, Germany followed by France were characterised by the highest average incomes, while the lowest income was observed in Hungary. If we compare the ratio of the average income of Polish and German respondents, we may notice their visible convergence. In 2007, the ratio was 1.97, while in 2016, it was 1.33. The processes of convergence of income distributions for the examined countries confirm the results of the calculation of distance measures mentioned in the methodological part of the article. Tables 3 and 4 contain the results for the Bhattacharyya distance in the form of a symmetric with respect to the main diagonal matrix. Source: own calculations based on data from the EQLS Taking, for example, Germany as a reference country, we can see that in both periods Hungary followed by Poland were characterised by the most distant distribution of equivalent incomes, while the smallest was observed in France and in the Visegrad Group, above all, in the Czech Republic. It is worth noting that the distance of income distribution of the Polish population is clearly decreasing in relation to the distributions of countries with higher average values, especially Germany and France. These distributions in 2016 are much more similar to each other than in 2007. Similar conclusions can be drawn for Hungary. The application of the next criterion of distribution distances, measures of overlapping distributions O, confirms the above-presented conclusions in principle. The advantage of this measurement is that it indicates the direction of displacement of distributions -a negative value is a shift of a given distribution from the base distribution towards the lower income values and, alternatively, a positive value indicates a shift towards a higher income. Tables 5 and 6 contain the results of the O criterion calculation.
In relation to Germany, we can see that each of the other countries, except France in 2007, has the most favourable distribution of equivalent income. On the other hand, in 2007, Poland was characterised by the most shifted distribution towards low incomes in relation to other countries. In 2016, the scale of that shift was substantially reduced and with regard to Hungary, the Polish distribution of income was even located somewhat more on the side of higher incomes. As in the case of Bhattacharyya distance, one may notice a clear process of convergence of the Visegrad countries' distributions towards the examined countries of Western Europe. The leader of this process among the examined countries is Poland due to the process dynamics. Two subsequent Tables 7 and 8 show the results for the overlap index (stratification) of distribution for the examined countries.
Let us note that the value of the O ji index equal to one means the exact overlap of income distributions of the compared countries, while a smaller value of this index means that fewer units of the examined country are in the distribution area of the country of reference. This situation occurred in 2007 in the case of Poland and Hungary in relation to other countries, and in particular in relation to Germany and France. The larger index values for these two Western European countries with regard to Poland and Hungary show in the context of the earlier conclusion that more often individuals (persons) from Germany and France are observed in the area of Polish or Hungarian income distribution than vice versa (Polish or Hungarian people in the area of German or French income distribution). The level of that stratification substantially decreased in 2016, which is an expected result in the context of the conclusions presented in Tables 1-6. 
Poverty and material deprivation in the countries of the Visegrad Group and Weimar Triangle
Poverty analysis was carried out on the basis of the relative poverty line. Table 9 presents the values of aggregate poverty criteria, i.e. Headcount Ratio (HR), Poverty Gap Index (PGI), Income Gap Index (IGI) and Poverty Severity Index (PSI), which describethe range, depth, intensity, and severity of poverty in the examined countries (Wolf, 2009: 99-101) . In 2007, the lowest poverty criteria among all surveyed countries were observed in the Czech Republic. Only 9% of Czech households were at risk of poverty and the average equivalent income of households experiencing poverty was 20% below the poverty line. The Income Gap Index was also the lowest, which is a criterion of the cost of poverty eradication. The highest values of all aggregate poverty criteria were observed in Poland. In 2007, the problem of poverty applies to 17% of Polish households, and their average equivalent income was lower by almost 30% from the poverty line.
In 2016, there was observed an increase in the poverty range in all the examined countries compared to 2007, the lowest increase concerned the Czech Republic (0.02 percentage point) and the largest increase was recorded in Hungary (4.11 percentage point). In Poland, there was an increase in households at risk of poverty by less than 2 percentage points, while the problem of poverty continued to affect the greater part of households than in the other examined countries. However, in terms of depth, intensity, and severity of the poverty indicator values, they were the highest in France. The direction of these changes should be related to the intensification of migration movements in Europe during the considered period.
Identification of factors affecting the risk of household poverty was carried out by using econometric modeling. Regarding the fact that the explained variable -the risk of poverty -is dichotomous: Y = 1 (identifies households at risk of poverty) or Y = 0 (households at no risk of poverty) a logit model was used. As explanatory variables, the features which characterise the household and the respondent were assumed: 1) the class of place of residence (3 zero-one variables, the reference group -households located in the countryside), 2) the respondent's age, 3) the number of children in the household, 4) the respondent's education (3 zero-one variables, the reference group -at most the basic vocational education), 5) the socio-economic group of households (3 zero-one variables, the reference group -households of employees and entrepreneurs), 6) the respondent's health (2 zero-one variables, the reference group -persons with good health).
Tables 10 presents the parameter estimates in the logit model for the years 2007 and 2016 in France. In 2007, in all the examined countries, except France, unemployment was the variable which significantly 1 contributed to the increase in the risk of poverty. However, the variable which significantly reduced the risk of poverty in all the analysed countries, except for the Czech Republic, was possession of higher education than basic education. Other variables which significantly increase the risk of poverty include the number of children (in the Czech Republic, France, Hungary, and Poland), staying in retirement (in the case of German households) and bad health (in Poland). In Germany, the factor limiting the likelihood of poverty risk was age and in Poland living in a big city. McFadden R 2 = 0.0909 Chi 2 (9) = 69.89, df = 9, p = 0.0000
McFadden R 2 = 0.15489 Chi 2 (9) = 95.54, df = 9, p = 0.0000 Source: own calculations based on data from the EQLS
1
A significance level of 0.05 was assumed.
In 2016, also for all the examined countries except France, the variable which was significantly increasing the risk of poverty was unemployment. Whereas education was the variable which was significantly reducing the risk of poverty in all the analysed countries except the Czech Republic, while in Germany, Hungary, and Slovakia secondary education was sufficient, and in France and Poland -higher education.
In the Czech Republic, in 2016, there were two new factors which significantly increased the risk of poverty i.e. age and being retired. However, the number of children lost its importance. In Germany, there were two new statistically significant factors that increased the likelihood of household poverty i.e. the number of children and bad health. A very interesting phenomenon was observed in France -the residence of a household in a small or a big city joined the list of variables significantly increasing the probability of poverty risk, this may be related to the mass influx of immigrants who settled mainly in big cities. Also, retirement is a factor that increases the likelihood of poverty. In the case of Hungary, living in a large city is a factor limiting the risk of poverty. In Poland, the importance of having secondary education (as a factor limiting the probability of poverty) became less important as well as the number of children (as a factor increasing the risk of poverty), which may be related to the introduction in 2016 of the parental benefit for the second and each subsequent child in the family. However, in Slovakia, there were two new factors that increased the risk of poverty -the number of children and poor health.
The last element of the research is the analysis of determinants of material deprivation of households. Due to the fact that the variable "deprivation index" had a count character, the negative binomial regression model was used to isolate the factors that influence its occurrence. The same set of variables was adopted as in the logit regression model. Table 11 contains the estimates of parameters of this model for Poland.
In 2007, unemployment and the number of children were factors which were significantly increasing the probability of material deprivation of households in all the examined countries. Also, the variable of bad health turned out to have a significant impact on the threat of deprivation in Germany, Hungary, Poland, and Slovakia. In all the examined countries, except the Czech Republic, secondary and university education was a factor reducing the risk of material deprivation. In the Czech Republic, the factor increasing the threat of deprivation was retirement. In Hungary, the factor limiting the probability of deprivation was living in a small or big city. In Poland, the households living in small towns were less exposed to deprivation, which can be combined with low living costs in a small city. The age variable turned out to be a factor limiting the probability of deprivation in Germany and France and it was favourable for deprivation in Poland and Slovakia. Log likelihood = -1269.21 Akaike information criterion 2560.80
Source: own calculations based on data from the EQLS In 2016, the risk factors of material deprivation for all the examined countries included bad health and unemployment (the exception is Hungary). University education constituted a factor limiting the probability of deprivation in all the countries of the Weimar Triangle and the Visegrad Group. Secondary education significantly reduced the probability of deprivation in France, Hungary, Poland, and Slovakia. Living in a large house city reduced the threat of deprivation in Germany and Hungary, and in small cities -in Germany and France. Staying in retirement is a factor that increases the likelihood of deprivation in the Czech Republic and Slovakia. The same factor works the other way (i.e. it reduces the likelihood of deprivation) in France.
Conclusions
The conducted research on the development of equivalent income distributions in the countries of the Visegrad Group and the Weimar Triangle indicates that the convergence process is visible in this area of socio-economic life. In the analysed period of 9 years, the distribution of income substantially converges in all the countries of the Visegrad group to the income distribution of the population of France and Germany. In particular, Poland has become a leader in the dynamics of this convergence. The income gap, whose idea manifests itself in the comparison of the average income of these communities, is a simple and often applied form of analysis in the study of variation between income distributions of two communities (countries). The criteria which have been used in the article, although more complex computationally, allowed for examining the similarity (distance) of distributions in a more comprehensive way, taking into account the whole income distribution and not just one of its characteristics.
On the other hand, the increase in the value of poverty scale and poverty intensity indicators were observed within the examined countries. Income of people earning relatively little grew slower during the analysed period than the income of people who were earning well or very well, which caused an increase in income inequality. The increase in prosperity in the examined societies is reflected in the decrease in the number of households for whom it is hard to make ends meet.
Analysis of income distribution does not exhaust the problem of research on the socio-economic convergence of countries, as it is only one of its elements. It seems that the level and diversity of income are key factors shaping the living conditions of the population. Therefore, they should be taken into account in measuring and assessing the processes of converging economies and societies of Central and Eastern European countries to those of Western Europe. The authors hope that the presented results have shed a new light on these processes in terms of their measurement and formation.
